We have measured the temperature dependence of the effective quasiparticle recombination time in superconducting tin tunnel junctions by current and laser pulse excitation. The experimental times show satisfactory agreement with calculations based on the ray acoustic lifetime model of Eisenmenger et al. taking into account the film thickness dependence of the phonon reabsorption, 2A-phonon volume loss processes and phonon transmission from the junction into the substrate and liquid helium. On the basis of the BCS density of thermally excited quasiparticles and simplified rate equations for quasiparticle recombination, and from the analysis of measurements of decaying excess quasiparticle concentrations we obtain a mean value N o =(2.73_+0.03) 1022 eV-1 cm-3 for the electronic density of states at the Fermi Surface in thin, evaporated tin films. This value differs less than 5 % from that obtained from the experimental electronic heatcapacity coefficient of the bulk material.
I. Introduction
The minimum energy difference between the ground state of a superconductor at a temperature below the transition temperature T~ and the lowest quasiparticle states corresponds with the BCS energy gap A(T). Thermally excited quasiparticles with energies E>A decay to the ground state within a characteristic time ~R via the formation of Cooper-pairs and the emission of phonons of the energy hco>2A. Whereas ~R, the intrinsic recombination time, is not directly accessible by experiment, an effective time constant rexp can be determined from the decay of an excess quasiparticle concentration generated by an external dynamic creation mechanism, such as pair breaking by the absorption of phonons [1, 2] or photons [3-63 or by tunneling between superconductors [7-15] . As has been shown in several experimental [1-5, 10, 12-15] and theoretical [-10, 16, 171 investigations, rex p significantly exceeds rR by the trapping of recombination phonons via repeated reabsorption and * Future address: IBM Ziirich, Research Laboratory, CH-8803 Riischlikon, Switzerland emission of 2A-phonons within the superconducting device. The effectiveness of phonon trapping essentially depends on the sample thickness and the acoustic surface boundary conditions for phonon escape to the adjoining media, i.e. substrate material and liquid helium or vacuum, respectively [-2, 15, 17] . Up to now two different experimental techniques have been applied for the determination of re~p, the indirect steady-state [-3, 5, 7-10, 13-153 and the direct decay time [1, 2, 4, 6, [10] [11] [12] measurement. The steady-state method usually measuring rex p in a sandwich-structure of two tunnel junctions requires the knowledge of the density N o of electronic states at the Fermi level as resulting from heat-capacity measurements of the clean bulk material, see e.g. [8]; alternatively, also the band-structure quantity has been used [10, 14] . The samples for the r-experiments, in contrast, consist of vacuum-deposited films of microcrystalline structure, usually with high disorder. Consequently, the question arises for the value of N o in disordered metal films. 0340-224X/78/0031/0377/$01.60
We report here on direct measurements of the effective quasiparticle recombination time z,x p in superconducting tin and a new experimental technique to determine N O in thin superconductor layers. Using electron tunneling between superconductors for generating and probing an excess quasiparticle density under pulsed conditions, this method has also the advantage of being able to check directly the dependence of Zex p on "over-injection". Moreover, we have investigated to what degree z~x v differs from quasiparticle excitation by current pulse (excitation energy E~-A) and laserpulse (E~>A) for the same sample. The measured temperature dependence of ze~ p is compared with that calculated from a geometrical-acoustic 2A-phonon trapping lifetime model [17] . Possible disturbing influences on the exponential shape of Zexp(T ) at low temperatures are studied.
II. Theory
The method to be described is based on the fundamental relationship 
for the dependence of'Cex v on the overinjection ~$N/Nth is obtained from (1) and (2). With the BCS density of states Nth is approximated in the temperature range T<0.5 T~ by 
Nth=No[2~A(T)kBT]I/Zexp[-A(T)/kBT],
for a sufficiently high current pulse of strength ip driving the voltage of the junction, biased at UB<2A/e, to 2A/e. Preconditions for the exactness of (6) are that 6i and ith are measured at the same bias and that the excess quasiparticles under stationary injection rate have the same energy distribution as the thermally excited quasiparticles Nth. Zexp, 0 is directly observed from the time decay of 6i(t) sufficiently long after switch-off of the injection pulse.
For obtaining the effective excitation current ieff the thermal single-particle current ith (at U=2A/e), the extra current due to the higher density of quasiparticles cSi(0), the leakage current i L (at U=2A/e) and the so-called two-particle current i2e [19] (at U = 2A/e)-(or excess tunneling current at U > A/e due to contributions of the AC-Josephson-effect)-have to be subtracted from ie+_iB, where the positive (negative) sign is valid if pulse current ip and DCcurrent iB(UB) have the same (opposite) direction. The total injection rate including i2e as an excitation current is, however, /0,1oral = 2ieff/e VTu -~ ia?/e VTu 
A simultaneous measurement for ip and ~5i(0), i.e. <$i(O)/ith is not possible. However, under certain conditions the nonlinear rate equations for disturbed quasiparticle and phonon systems [163 can be simplified and integrated and thus furnish a nonexponential decay function 6N(t)/Nth=x(t ) after injection, so that, knowing the value of cSN/Nth for some time t, we can reextrapolate to t=0 and obtain the value x(0) during the injection. Writing 2 for dx/dt we derive
